ABSTRACT. Oviposition cup traps (OCT) are commonly used to detect gravid invasive Aedes mosquitoes. Employing OCT during hot summer months or over broad geographic areas is labor intensive because the water in these small-volume traps must be frequently replenished to maintain their attractiveness to mosquitoes. We developed low-cost and simple-to-build oviposition bucket traps (OBT) that attract mosquitoes for more than 1 wk. Comparison of adjacently placed OCT and OBT in the city of Madera, CA, showed OBT captured significantly more Ae. aegypti eggs per trap-night relative to the OCT (8.8 6 2.6 and 4.1 6 1.1, respectively; paired t-test, P ¼ 0.0076), and a significantly greater proportion of OBT contained Ae. aegypti eggs relative to OCT (83% of OBT and 65% of OCT; Fisher's exact test, P ¼ 0.0214). The results suggest that OBT can collect larger quantities of Ae. aegypti eggs relative to OCT while potentially offering greater flexibility in scheduling trap inspections.
Aedes aegypti (L.), the yellow fever mosquito, cohabitating with humans present a significant public health risk because they transmit several anthroponotic arboviruses, including those that cause diseases such as Zika, chikungunya, and dengue fever (Carey et al. 1964 , Marchette et al. 1969 , Vasilakis and Weaver 2016 . Excluding invasive Ae. aegypti from human habitats requires intensive mosquito surveillance to quantify the extent and precise location of breeding mosquitoes, which is complicated by their cryptic breeding sites (Simard et al. 2005) .
Oviposition cup traps (OCT) have been used in the USA since 1965 for monitoring the presence and abundance of Ae. aegypti by taking advantage of the adult female's preference for depositing eggs into small, dark, water-filled vessels (Fay and Perry 1965) . The OCT are widely used because they are inexpensive to manufacture, and easily deployed and inspected. Because Ae. aegypti deposit proportionally larger number of eggs as the diameter of clay or glass water storage jars increases (Harrington et al. 2008) , we sought to determine whether a larger OCT would recruit increased numbers of Ae. aegypti eggs. In the current study, we describe a larger-diameter oviposition trap that contains more water for attracting gravid Ae. aegypti in the field for a longer period of time relative to the current OCT, has a perforated lid that permits mosquito entry while preventing larger animals or debris from disrupting trap performance, and the use of methoprene briquettes to prevent mosquito breeding in the ovitrap. The utility of these oviposition bucket traps (OBT) for invasive Aedes surveillance was compared with OCT during field trials in the city of Madera, where Ae. aegypti were present during the course of the study. Large oviposition traps to monitor Ae. aegypti abundance in Brazil successfully collected Aedes eggs over 4-wk monitoring cycles (Regis et al. 2008) .
The study was conducted from September to October during 2016 in the city of Madera, CA (l36.9632278N, 120.0744928W; elevation 83 m). Madera is located within California's Central Valley, approximately 30 km north of the city of Fresno (Fig.  1A) . Within the city, artificial irrigation supports mosquito breeding in small, peridomestic containers around households and commercial landscapes; Ae. aegypti was the only container-breeding species of Aedes found in Madera County during the study period (L. Irby, Madera County Mosquito and Vector Control District [MCMVCD] , personal communication). The OCT were made from 0.5-liter (1-pint) black plastic cups, lined with seed germination paper, and half-filled with approximately 250 ml of tap water. The OBT were manufactured from 3.8-liter (1-gal) black plastic buckets (20 cm high 3 18.7-cm diam at the top; Letica Corporation, Rochester Hills, MI) each fitted with a handle and perforated black plastic lid (Fig. 1B) . The OBT were constructed by drilling approximately 20 evenly spaced holes in the black plastic lid using a 1.905-cm-diam (0.75-in.) drill bit. The perforated lid was designed to prevent large debris from entering the OBT by maintaining three-fourths of the lid surface. Two holes in the lid were connected using scissors to create a slot in the lid for inserting the oviposition substrate into the OBT. The oviposition substrate was a wooden paint paddle stirrer (2.5 cm 3 23 cm) wrapped with seed germination paper and affixed using staples. Approximately 15 small holes (approximately 2-mm diam) were drilled into the bucket 10 cm from the bottom to allow excess water to drain from the trap (Fig. 1C) . The OBT were each filled with 2 liters of tap water (8 times the volume contained in OCT) and 1 Altosidt 30-day briquette (8.62% [w/w] (s)-methoprene; Central Life Sciences, Schaumburg, IL). The material cost and manufacturing time for 1 OBT was US$2.80 and 3 min, respectively.
Paired OBT and OCT were positioned no greater than 10 m apart in similar habitats at 17-19 locations over an approximately 900-km 2 area of the city of Madera (Fig. 1A) . Trap locations were not rotated because each trapping site had both oviposition trap designs placed in similar habitats (e.g., tree-shaded) and nearby to each other. Three repeated trials were conducted, each lasting 9.6 6 0.6 days, for a total of 28 days, or 984 trap-nights. The high number of trapnights may have reduced the bias that may have been introduced into the results due to the lack of trap rotation. Although weekly inspections of oviposition traps may be common, the 9.6-day interval for the trials described herein did not deviate substantially from the norm. At the conclusion of each trial, the oviposition substrates from OBT and OCT were examined under a dissecting microscope at 403 to determine the number of Aedes eggs that were deposited. Over the course of each trial, approximately 25% of the water volume in OBT was lost to evaporation. Each trap was provisioned with new oviposition substrate and refilled with water at the beginning of each trial. The effect of the oviposition trap design on trap efficacy for trapping Ae. aegypti eggs was analyzed by paired t-test and the proportion of traps containing eggs analyzed with Fisher's exact test using GraphPad Prism software (GraphPad Software Inc., La Jolla, CA).
The OBT collected significantly more Ae. aegypti eggs relative to the OCT ( Fig. 2 ; 8.8 6 2.6 and 4.1 6 1.1 Ae. aegypti eggs/trap-night, respectively; paired t-test, P ¼ 0.0076; 3,997 eggs in OBT and 1,940 in OCT over the course of the study). Significantly more OBT contained Aedes eggs relative to the OCT (83% of OBT and 65% of OCT; Fisher's exact test, P ¼ 0.0214). Rearing collected Aedes eggs to adults in the lab at MCMVCD confirmed that eggs collected in OCT and OBT were Ae. aegypti.
Mosquito traps that are typically used for Ae. aegypti surveillance can be burdensome to mosquito control agencies because they are costly to purchase (e.g., BG-Sentinel and autocidal gravid oviposition [AGO] traps), or require a large workforce to replace mosquito attractants in the traps (e.g., encephalitis vector survey [EVS] CO 2 -baited traps and water- After of 9.6 6 0.6 days, eggs on the oviposition substrate were enumerated. There were significantly more Aedes eggs adhered to the oviposition substrates from OBT relative to those from OCT (paired t-test, P ¼ 0.0076).
baited OCT). The OBT trapped higher numbers of Ae. aegypti eggs than the OCT (Fig. 2) and may require less work effort to monitor because of the OBT's larger volume of water relative to the OCT. Thus, a broader distributed and higher intensity surveillance effort may be achieved without increasing labor costs if OCT are replaced with OBT. When Ae. aegypti eggs were found at a study site, the OBT was more likely than the OCT to have eggs in the trap, suggesting that OBT may be relatively more effective for discovering new infestations or geographic expansions of Ae. aegypti.
The OBT are easy and relatively inexpensive to construct, requiring supplies and tools that are commonly available at local hardware stores. Thus, large quantities of OBT can be rapidly constructed and deployed when the need arises for intensified invasive Aedes surveillance. Including a long-lasting methoprene product in the OBT prevented successful mosquito development while allowing for larval identification to species. Because the OBT is larger in size than the OCT, it is more visible and less likely to be inadvertently toppled by people, animals, or environmental factors such as wind. During the study, not a single OBT fell and all contained water for 21 days after the field trials concluded (data not shown). In addition, the larger surface area and volume of the water in the OBT relative to the OCT may produce more attracting water vapor above the trap, resulting in higher recruitment of mosquitoes seeking an oviposition site. Larger sized traps can recruit a higher number of gravid female mosquitoes to the trap relative to smaller traps of similar design (Eiras et al. 2014) , and may explain, in part, the higher number of Aedes eggs found in OBT relative to OCT. Use of larger oviposition traps, such as the OBT, may provide for increased ease in surveillance for invasive Aedes mosquitoes at a lower cost than afforded by currently available traps such as OCT, AGO, and EVS traps. An important limitation of the OBT, or any nonautocidal trap, is that the adult mosquitoes entering these traps are not killed and prevented from biting later. The OBT and other oviposition traps may be further improved by impregnating the oviposition substrate with an entomopathogenic fungus, such as Beauveria bassiana (Vuill), to kill the mosquito after it departs from the trap (Darbro et al. 2012) , or by adding sticky cards to entrap ovipositing females (Heringer et al. 2016 ).
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